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PROGRESS SUMMARY ilO. I 



M3CHANICAL PROPERTIES OE ELUSH-RIVETED JOINTS 
SUBMITTED BY EIVE AIRPLAi^ MAMIFAGTURERS 
By William Charles Brueggeman 
INTRODUCTION 

Information on flush-riveted joints for aircraft con- 
struction is greatly needed in the present emergenc/- The 
National Bureau of Standards is investigating the mechanical 
properties of flush-riveted joints at the request of the 
National Advisory Ccmmittee for Aeronautics and v/ith the co- 
operation of the Air Corps, War Dopartmont; the Bureau of 
Aeronautics, Navy Department; and the Civil Aeronautics Ad- 
ministration, Department of Comm.erce. 

Eron tests on a scries of standardised specimens obtained 
from a numher of airplane manufacturers, the strength, occur- 
rence of defects, and effect of the angle of the rivet head 
have been determined. The specimens represent combinations 
of structural memebers freciuontly joined by flush rivets and 
v;ere designed to afford a comparison between the different 
types of rivet and riveting process. 

The present progr^jn contemplates tests on scries of 
specimens from I5 manufacturers of which 5 series have been 
completed .?-nd are reported herein. As soon as tests v;ere 
completed on each series the results have been made available 
in the form of a progress report to governmental agencies and 
to the manufacturer. After all the specimens are tested it 
is expected that a report s^ammarizing the results and com^^aring 
in detail the several types of joints will be published. ' Ho^/- 
ever, due to the immediate need for this information, the re- 
s^olts will be released from time to time in the form of a 
progress summary. 

SPECII^ENS 

The specimens complied with "Specification for Elush- 
Riveted Test aoecimcns, Second Series," which was -prepared 
by the National Bureau of Standards for this investigation. 
Shearing and tensile specimens tyioes I to VI are shown in 
figure 1; specimens VII, VIII, and IX are exhibit siDeciners 
showing constructional details of the joints; specimens X 
and XI contain a sufficient n^umber of rivets to determine the 
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freq.uency of cracks and consist of a pair of dimpled sheets 
Joined "by ^0 flush rivets as follov/s: 



Sheet Rivet 
Specimen thicknesf! diameter 
(in.) (in.) 



X 0.0P5 l/g 

XI .oGU 3/16 

The naniifacturers ' names are not given but the manufac- 
turer and his speoi]r.ens are designa,ted the nioinoor of the 
prof^ress repcrb in which the .v^^^sults were given c Manufacturer 
1 and 5 are the sar^s^; the two numhers refer to his counter sujil: 
(the term ^'countersunk" re.fors to the sheet adjacent to the 
manufactured head of the rivet) and dimpled specim3ns, res- 
pectively, vf'iich were reported separately. Thus there were 
5 man'ufacturers and 5 reports-^ 

The rivets were the xollovring: 



Bex)ort ^^^^ Alloy** 

Angle diameter * J.e-p th * 
( deg> ) d d 



1 and 5 115 2.05 0,37 AI7S-T and 21+S-T 

2 yg I060 .37 a:.7S-.t 



3 11^ icS'o .29 

k IC 1.60 .37 Ai7::-r -md 17S-T 

6 100 I.S3 .37 A17S^T and 2US-T 

*d = nominal shank diameter. In some cases the head 
proportions varied slightly for some sizes; the 
value given is approximately the avorfige. 

**As stated "by the manufo.c turer. 

Each manufacturer stated that the sheet alloy was alclad 
24-S-T except that manufacturer U stated that the alloy for his 
specimens was 2US-T. Shearing tests of the rivets and tensile 
tests of the sheet were made "by the national Bureau of Standards 
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to determine coirrpliancc with Array or ilavy specifications. The 
shearing and tensile properties, ros;ooctively , complied v^ith 
the recLuirements of an Army or Navy specification for the mate- 
rial arj described by the manufacturer. 

?rom the manufactiorer 's deccription of the riveting proc- 
ess it is "believed that the sheets were separately dimpled in 
all cases. Generally the male dimpling tool for the surface 
sheet had an included angle about equal to that of the rivet 
head, but the female had a greater angle. Both had a greater 
angle for the sheet underneath the surface sheet; this under- 
neath sheet v;as countersunk in the typ-e-IY specimens of report 
o. A few of the rivet hol'.^s showed evidence of being reamed 
after dimpling, probably for the purpose of alinomcnt. Most 
of the ho:^es were burred. Hivets were driven by squeezing, 
one-shot imoact, or repeated impact. Tool drawings submitted 
by manufacturers 2 and k showed sirrdlar dimpling tools and 
similar constractional practices. 



TESTS 

Tensile loads vrero applied to the shearing specimens to 
cause shearing and bearing loads on the rivets. The slippage 
was determined on at least one shearing specimen of each kind 
by applying a load, unloading to almost zero, measuring the 
slippage, applying a greater load, etc. The slippage was 
measured by scribing a lino v/ith a razor blade on the edges 
of the overlapping sheets o'oposite a rivet and measuring the 
offset in this line by means of a Brinell microscope (fig. 2). 
The offset v/as measured for each load after that load had 
been applied and released to almost zero. Offsets measured 
on both edges of the specimen were averaged. Generally the 
maximum load was determined on three shep.ring specimens of 
each kind. 

The tensile specimens were attached to the testing machine 
as shovm in figure 2 and the breaking load was determined. 
Three or four sp-cimcns of each kind were tested. 

Specimens VII, VIII, IX, ^,nd in some cases shearing 
specimens representing several combinations of d and t 
were sectioned for e::r?jnination to determine the construction 
and the occurrence of defects. The rivets of specimens X 
and XI were drilled out and the sheets v^ere examined for cracks. 



EESULTS 



Load-slippage curves were plotted for all shearing 
specimens on which slippage was determined. ITominal shearing 
and "bearing stresses corresponding to slippages of O.Old, 
0.03d, and 0.05d for some manufacturers, C.Old, 0^05d, and 
O.lOd for others, were determined from these curves and 
plotted in figures 3j ^» 5» ^'^^ 6. In these figures the co-- 
ordinate axes are the shearing stress Sg and the "bearing 
stress S^. A circumferential scale of d/ 1 determined "by 
eliminating load from the relationships 
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load = = dtS-^ for t:,^cs I and III 
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lo-^-d = 2 — Sg = 2dtS^ for tYpes II and IV 



is also sho'm on the graphs. 'The hollow characters (circle, 
triant;le, or sc].uare) on a radial line indicate the stresses 
corresponding to the three slippages for one specimen whose 
d/t ra.tio corresponds to that line. The maximum stresses 
for this specimen are indicated "by a solid character. Other 
solid characters on or near the radial line are the maxim^om 
stresses for additional shearing specimens of the same kind. 
In computing stresses and d/t ratio tho nominal rivet diam- 
eter d and the moasurod sheet thickness t as ehovm in 
fig^irc 1 were used. IVhere the joint contained tv;o sheets of 
the sarne nominal thickness hut different measured thickness, 
the measured thicknesr.. of hoth v;as averaged. 

The tensile strength was computed for the tensile spe- 
cimens "by dividing the "breaking load "by the nominal cross- 
sectioncal area of the rivet* The results are given in 
figures 7 So 

Photomacro graphs of the sectioried specimens are shown 
in figiares 9 "t-o 11 and 13 to I5. iFig^jire 12 shows radial 
cracks in rcport-2 specimens. 

For the purpose of conrgarison, the manufacturers are 
listed heloTr in the sequence of (3.ecreasing shearing and 



5 



"bearing stress at a given slippage or at failure. (2^o. 1 of 
the sequence shov/ed the greatest stresses at a given sli-npage 
or at failure.) 

The sequence was determined Idj the magnitude of the 
stresses over a range of d/t at \-;hich a given slippage or 
failure occurred. In some cases it was difficult to determine 
the secLuence due to the scatter of the points and to the fact 
that the sequence frequently varied with the d/t ratio. In 
these cases the assigned sequence depends on personal judgment, 
VHiere several report num^oers are underlined the results are 
Judged to "be ahout equal. 

In comparing the specimens it is necessary to evaluate 
the effect of the rivet alloy. All of the manufacturers used 
AiyS-T rivets, hut manufacturers ^4, 5> and 6 used stronger 
alloys in addition for some s-oociiaons, particularly in the 
3/l6-inch and l/U-inch diameters. The graphs for rra^ufacturer 
6 suggest that the use of 2k&-T for the lower d/t ratios 
v;here the specimens are critical in shearing v/ould improve the 
slippage and the strength. In report ^r, lyS-T^rivetcd s-occi- 
mens (d/t = 3.I) had less slippage and greater strength than 
comparahle specimens eiriploying AI7S-T rivets. Report ^ shows 
little effect of the rivet alloy. 

The tahle show^ that, in general, report--6 dimpled speci- 
mens had the least slippage for t;/pcs I and II, report--^ for 
types III and lY; one or the other of reports k and 6 shov/ed 
the greatest hreaking strength for the four types. Seioorts 
2 and 3 showed the least slippage for countersunk s-occimens. 
The hroaking strength of report-5 dimpled tensile specimens 
v/as the greatest. Thus no report showed superiority for all 
types of specimen. 

figure 9 shows, at the lower right, a joint in which the 
countersunk head extends practically through the second sheet. 
This condition is helieved to he conducive to slippage where 
the head angle is as great as 115^ and to facilitate lapping 
of the upset shank over the root of the manufactured head. 

Grcnerally the conform.ance of the sheets to each other and 
to the rivet at the dimple is helieved to oe good and there 
were few^ obvious defects, such as cleararices, cracks, voids, 
etc., i/hich would explain diiicronces in behavior. Angular 
clearance in some machine-count or sunlc specimens is evident in 
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fi^re 9 ''horo manufacturer 1 used a 120^ countersink of his 
115^ rivet* Occasional slight clearance of a dimpled sheet in 
the machine-countersunk "ba-cking mep.lDer may "bo seen in sectioned 
spociinons for several manufacturers. 

Eci-dial cracks were found only in specimens X and XI of 
re-Qort 2 a.s shovm in figure 12. These occurred in one or the 
other sheet or "both at S percent of the rivet holes in specimen 
X and 62 percent of tho holes in cpocinon XI. Moot of the 
cracks '.Torc quite sm\ll "but a few extondud alncat to the rim 
of the dir.iple. xTo circumferential cracks v/ero found. 



national Bureau of Standards, 

Washinj^tcn, D. C.^ January iS, 19^2. 
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TABLE 

SEQUEIICE Cr PSPCET FJlffiERS F03 DECEEASIKG STEESS 
COFvESSPGliDING TO A GIVUH SLIPPAGE 



Slippage = O.Old 
Dimpled Countersunk* 
Sequence Sequence 
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** 
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Slippage = .05d 
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Slippage = .lOd 
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\ 




II 
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5 




III 
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o 




IV 


\ 




o 



Sequence for decreasing shearing strength 

I 6 2 \ ^ 3 1 2 1 

II 65 2 U 3 2 1^ 

III 6 i 523 2 1 ** 

IV ii 2 623 2 1 ** 

Sequence for decreasing tensile strength 
V 6___1 2 # 32 

VI 5 d 3 2 # 32 

*A17S-T rivets. 

**Manuf.".cturer 1 die. not sutmit types III, IV, V, and VI. 

-The points v;crc too scattered to determine the ceaucnce . 

#Manufacturer U suhmittnd tensile specimens but their range of 
d/t does not permit a good comparison v;ith other specimens. 
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Figure 1 



Shearing epeoimens I, II, III, and IV, left; tensile epeclraene 
V and VI, above. 
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Figure 3.- Shearing results for type I specimens. 
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Figure 3.- Continued. 
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Figure 3.- Concluded. 
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Figure 4. - Shearing results for type H specimens. 




Figure 4.- Continued. 
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Figure 4.- Continued. 
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figure 5.- Shoarlii^ TMults for typo m speeinen*. 
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Figure 5.- Concluded. 
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Figure 6.- Shearing results for type IV specimens. 
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figure 6.- Concluded. 
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Figure 7.- Tensil* results for type V specimens. 
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Figure 8.- Tensile results for typ« VI specimens. 
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figure 8.- Ooncluded. 
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Figure 9. Cross section of specimens from reports 1 and 5. 

The specimen at the lower right consists of a i-in. 24ST rivet in 
0.064- in. sheets. A shearing load of 400 lb per rivet had been ap- 
plied prior to sectioning, otherwise this specimen is nominally the 
same as the one directly above it. 
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Flg\ire 11. Cross section of additional specimens 
from report 2. 
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Figure 12. Radial cracks at dimples of specimens from report 2. 

On top, specimen X; on bottom, specimen XI. 

The sheets are those adjacent to the driven head. 
Most of the cracks v/ere smaller than the ones shown. 
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Figiire 13 . Cross section of specimens 
from report 3. 
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Figure 14. Cross section of specimens from report 4 





Figure 15. Cross section of 
specimens from report 6. 
Construction A on right as 
distinguished from construc- 
tion B was used for all 
dimpled type-IV specimens. 
Dimples from specimen XI are 
shoTO above. 
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